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Page 2, line 53, for "3-methylbutylidene- 
tripenylphosphorane;" read "3 - methyl- 
butytfdenetriphenylphosphorane;" 

Page 4, line 1, for "pentameylth" read "penta- 
methyl" 

Page 4, line 7, for "thioester" read "trithio- 
ester" 

Page 6, line 17, for "crbonate," read "car- 
bonate'' 

Page 6, line 31, for "penol," read "phenol" 
Page 7, line 16, for "is" read "in" 
Page 8, line 27, after "substituents," insert 
"e.g. hydroxyl groups; hydroxyi deriva- 
tives, such as alkoxy," 
Page 9, line 5, for "phosphonte" read "phos- 
phonate" 

Page 10, line 4, for "6-azactosin-l-yl," read 

" 6-azacytosin- 1 -yl," 
Page 12, line 34, for "3',5-" read "3',5'-" 
Page 14, line 6, for "diemthyldiphenyl-" read 

"dimethyldiphenyl-" 
Page 17, line 11, for "B-O-ribo" read "/?-D- 

ribo" 

Page 18, line 31, for "dethylaminoethyl" read 

"diethylaminoethyl" 
Page 19, line 21, for "{-(5,6-" read c '[l-(5,6-" 
Page 20, line 28, after "obtained" insert "di- 
methyl" 

Page 22, line 25, for "arlkyioxy" read "aralkyl- 
oxy" " . 

The Patent Office 
8th November 1971 
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(54) IMPROVEMENTS IN OR RELATING TO 
PHOSPHORYLATED PHOSPHONIUM YLIDS 

(71) We, Syntex Corporation, a Panamanian Corporation of Apartado Postal 
7386, Panama, Panama, do hereby declare the invention for which we pray that a 
patent may be granted to us, and the metihod by which it is to be performed, to be 
particularly described in and by the following statement: — 

This invention relates to a new class of phosphoryfaited phosphoniunn ylids and 
to a process 'for the preparation of 5^6'-dideoxyhexofiiranosylnudeoside 6 '-phosphoric 
acids therewith. More particularly, the invention relates to a new class of phos- 
phorylated phosphonium ylads having the following general formula: 



(*) 




wherein each of R l , R 2 and R 3 is lower alkyl or aryl or substituted aryl; 

or R 1 , R 2 and R 3 together are tri-N-piperidyl, cri-N-morphoKnyl or tricyclohexyl; 

R 4 is hydrogen, lower alkyl, cyclohexyl, aryl, or substituted aryl; 

Y is oxygen or sulfur; 

each of Z 1 and Z 2 is the group OR 5 , SR% 



/ — \ 

-/V q 



10 



15 



or NR 7 R a in which each of R 5 and R 6 is lower alkyl or tower alkenyl or aryl or sub- - *' 

stituted aryl, and each of R T and R 8 is lower alkyl, or aryl; or 

OO S 
Z 1 and Z 2 together are the group >R 9 , >R 9 or >R 9 in which R 9 is lower 

OSS •> 

alkylene or arylene. 

The term "lower alkyl" means a straight or branched chain hydrocarbon group 20 
containing from 1 to 6 carbon atoms, inclusive, such as methyl, ethyl, /i-propyl, f^butyl, 
/-butyl. The term "lower alkenyl" means a C 2 — C 6 aliphatic hydrocarbyl group con- 
taining one carbon-carbon double bond such as ailiyl. The term "aryl" means a hydro- 
carbon group consisting of one or more aromatic rings and! containing from 6 to 12 
carbon atoms, inclusive, such as phenyl, benzyl, o-tolyl, w-tolyl, />-tolyl, 3,5-xyly*, 25 
penta-medhylphenyl, naphthyl. The term "substituted aryl" means an aryl group having 
one or more halo, nirro, alkoxy, or diadkykmino substituents in the aromatic ring 
such as p-ohlorobenzyl, p-bromobenzyi, 2,4,6-trichlorophenyl, p-nirxophenyl, p- 
nitrobenzyl, p-anisyl, p-methoxybenzyl, /Mlmiethylaminophenyl. The term "lower 
[Price 25 p] 

SEE ERRATA SLIP ATTACHED 
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15 



alkylene*' means the group — (Crf>) n — itrwMch n has a value of from 2 to 4, inclusive, 
such as ethylene, trimethylene and tetramechylene, said group can be further substituted 
with- one or more alkyl or aryl groups such as in 2,2^iirnethylmmethylene, 1,2-diphenyl- 
ethyfene; The term "arylene" means? an aryL group- having two; sites of. attachment:- such! 

& as.^pfeenyteie. 

One aspect of the present invention provides a new class or pnospnorytatea 
: pbosphoiinimi ylids whichcarr be reactedrwith a wide-variety of aldehydes and- kerones, 
thereby providing unsaturated phosphonate or thiopfosphonaite derivatives thereof. 
Another aspect of the invention provides- a .process for. reacting the novel phosphora ted 

10 pfeospbonium ylid with a nucleoside 5:'-aMehyde to. form, the corresponding 5 £ - 
dMeaxyhex-S'-enofuranosylnucleoside 6'-phosphonate. The latter unsaturated nucleo- 
side is- catadytically hydrogenated or chemically reduced and; then, ctravened-to a- 
corresponding 5 A ,6V^'deox^exofuranosylnudeoside 6'^hosphonic acidi by hydrolysis, 
hydrogenolysis, anionic dealkyfetionv or enzymatic action or combinations thereof. 

15 The novel phosphorylated: phosphonrum ytids- of Formula (A) can be prepared 

according to the following reactions 

**—P-c#/? 4l + x. - *z-^ F -c-r 

0 &) W 

wherein.XLis*chloro or bromo; and; all other substituents are as defined hereinabove., 
in^the ..preferred practice: of:, the. above, sequence,, a monosubstituted phosphonium 
20 ylid (T) is condensed under substantially, anhydrous conditions wich aa appropriately 20 
dfisaibstituted. phosphonyl halkk. oc thiophosphoryl halide. (II) in. a nonrrcactive organic 
soly^pr, such: as tetrahydxafuran,. dioxane,. dimetiiylformamide, dimethyl sulfoxide, 
benzene, dietfiyl. ether, hexane r .and inixTures. thereof, at a temperature- of from about 
0°C to the reflux, temperature of, the solvent, for a period of about £ to about 12 
25 hours. Preferably, the condensation is performed in diethyl ether, hexane, tetrahydro- 25 
furan, benzene, or mixtures thereof ,. with an appropriately disubstituted phosphoryl 
chloride or thiophosphoryl chloride (II), i.e. wherein X is chtoro. Furthermore, 
reactions of the monosubscirured phosphonium yHd (I), wherein R 4 is hydrogen, alkyl 
or cyciohexyl, are preferably performed at. room temperature for a period of about 
30 fifteen minutes to about one hour; and reactions of the monsubstituted phosphonium 30 
ylid (I), wherein R 4 is r aryl on substituted aryl are .preferably performed at the reflux 
temperature, of. tiae. solvent, for a; period- of about two hours- on longer. 

Although the molar, proportion-, of the monosubstituted phosphonium ylid (I) to 
the disubstituted phosphoryl halide or thiophosphoryl halide (II) is not critical, a 
35 preferred embodiment of two moles of the morfiosubstituted phosphomum ylid per 35 
mole of the disubstituted phosphoryl halide or thiophosphoryl hadide (II) is convenient. 

In the practice of the above, sequence, the reaction is advantageously performed 
in the presence of an atmosphere inert to the reaction such as a nitrogen atmos- 
phere or an argon atmosphere. In addition, the monosubstituted phosphonium ylid (I) 
40 is generated in situ by conventional . techniques known to- those skilled in the art 40 
Included among the .monosubstituted phosphonium ylidis (I) which can be con- 
densed with the disubstituted* pnosphoryl haEde or thiophosphoryl hadide (II) are 
methylenetri alkyl (including cycloalkyl)phosphoranes such as methylenetri-(n-butyl)- 
phosphorane,. methylenetrimechylphosphorane, methylenetricyclohexylphosphorane, and 
45 the like; methylenealkylarylphospoEanes such as- methyleneethyldiphenylphosphorane, 45 
metnytenemethyldiphenylphosphorane, methyfenediphenyl-^butylphosphorane; methyl- 
enetriarylphosphoranes such, as mechylenetriphenylphosphorane, methylenetri-/>-tolyi- 
phosphotane,. methylenetrir-p-anisy^ospdiOTane; alfeyOidenetriailkyiphosphoranes- such 
as-. ethyKdenem(?r-b^ ajkyCcTenealkykrylphospthor^es. such as ethyl.- 

50 idenemethy l'diphenyiphos phorane ; alkyEdenetriaryipnosphoranes such as ethylidenetn- 
phenylphosphorane,. propylidenetrfphenylpnosphorane, butytfdenetriphenylp'hosphorane, 
pentylideneniphenyiphos^oiane, cyclohe^lrnethyleneii^ ^-pheny!- 
ec&yfidenetripfeenylphosphorane^ 3-meihyIbuiyMenetrapenyI^^ aryimethyl- 
enetriallkylphosphoranes. such. as. benzyH<toetrimefnyiphosphorane, benzylidenetricycio- 
55 hexyiphosphorane; aryfeethyienetriarylphxjsphoranes such as. benzylidenetriphenyl- 
phospfcorane, p-nitrobenzyiidenetripihenyiphosphorane, p-methoxybenzylidenetriphenyl- 
phosphorane, benzyhdenecb^henyl-p-dnnerhylaminophenylphosphor^ and methylene- 
rri-N-morphohnylphosphorane, , methy lenetri-N-piperidylphosphorane. 

Additionally, other monosubstituted phosphonium ylids (I) which may be used 
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ace*, prepared according: to conventional procedures, as described by S. Trippett, 
"Advances, in- Organic. Cheimsuy",. Interscience. Publishing Co., New York (1960), 
VaLl, pages;. 83*— 102;-. S. Trippett, Quarterly. Review, VoL 16—17, pages 400 — 440 
(1962=— 1363); A.. WL Johnson; "Ylid Chemistry", Academic Press, New York (1966); 
5 anck.A. Maerckerv "Organic. Reactions " r Vol. 14, John-. Wiley & Sons, Inc, New 

York: (1565). 

Included, among: thedisubstrtiited. phosphoryl. hadddes- or thiophosphoryl. halides 
(II) whirrn. caa.bc. used. to. preparer.the navel: phosphorylated phosphonium ylids (A) 
are disubstituted phosphorochloridates such as dimethyl phosphoroeMoridare,. diethyl 

10 phosphorochloridaTe, di-allyl phosphorochloridate, di-wo-butyl phosphorochloridate, 
ddphenyl phosphorochloridate, di-^tolyl phosphorochloridate, di-w-tolyl phosphoro- 
chloridate, di-/>-tol)*L phosphorochloridate, o-phenylene phosphorochloridate, tri- 
methyiene phosphorochloridate, di-3,5-xylyi phosphorochloridate, di-{/Hiutrophenyl) 
phosphorochloridate,. 1,2-diphenylethylene phosphorochloridate, 2,2-dimediyltri- 

15 methylene phosphorocMorida'te, ethyl /vnitrophenyr. phosphorodiloridate, drbenzyl 
phosphorochloridate, di-(p-nitrobenzyl) phosphorochloridate, di-(pentamethylphenyl) 
phos^orcchlorida re, . d i-(^ brom obenzy 1) phosphorocMoridate; . disuhstrnited phosphoro- 
bxomftfates. such as dimethyl phosphorobroirridate,. diphenyl. phosphorobrormdaite, 
methyl phenyl' phcfsphorobromidate, 0-phenylene phosphor obromidate; disubstituted 

20 phosphorochloridoChioates. such as 0-,0-diethyL phosphorochtoridothioaDe, O^O-di- 
methyl phosphorochloridothioate, 0,0-diphenyl phosphorochloridothioate^ Q,0-di-(p- 
chlorobenzyl) phosphoroCMoridothioate, 0,S -diethyl phosphorochloridothioate, O-echyi- 
O-p-rritrophenyl phosphorochloridothioate, 0-mechyi-0-2,4 J 5-trichlorophenyl phos- 
phorochloridothioate; disubsti'tuted phosphorochloridodithioates such as S,S -diethyl 

25 phosphorocWoridcKiitmoate, S,S -dibutyl phosphorochloridodithioate; disubstituted 
cMoridotrkhioates. such, as. riierhyl phosphoxochloridotrithioate; disubstituted phosphoror 
brxrnifdothioatea such. as. 0,0-diethyl phosr^robrornidothioatey. 0,0-diphenyl 
phosphorobn>midofrnoate; disubstinited. phosfthorodiamiriic chlorides, such, as terxa.- 
et^yjphospho^diamidic- chloride,, phosphorodimorpholidic chloride,. N,N'-dime£hyl- 

30 phosphorod'Larialidrc chloride^ terra methyl phosphorodiamidic chloride;, disubstituted 
phosphorodi'amidic bromides, such as phc^horodimoTpholidic bromide; mixed, di- 
substituted phosphoramidochloridates suck, as, Q-phenjol N,N-diethylphosphoroamido- 
chloridate, O-ethyl N^-diemyiphosphorainidochlorida'te, O-wpropyl N,N-dimethyl- 
phosphoramidochloridate; mixed disubstituted phosphoramidochloridothioates such as 

35 S-butyl N,N-chet^ylr^osphoramidocmoridothioate, O-ethyl N,N-oUethylphosphoramido- 
chloridothioate, O-f 2,4,5 -trichlorophenyl} N^-dimediylphosphoramidochloridotm 

Additionally, other disubstituted phosphoryl halides or thiophosphoryl halides 
(II) can be obtained by conventional techniques as described by G. N. KosolaporT, 
"Organophosphoms compounds", John Wiley & Sons, Inc^New York (1950), Chapters 

40 9 and 10. For example, the disubstituted phosphoryl halides or thiophosphoryii halides, 
i.e. wherein Z 1 and Z 2 together are the group (OR 5 ) 2 or (SR ft ) 2 are prepared by adding 
two moles of a hydroxy or mercapto. containing, compound, to one mole of phosphoryl 
chloride, phosphoryl bromide, thiophosphoryl chloride, or thiophosphoryl bromide in 
an essentially anhydrous non- reactive solivent such as chloroform, benzene, ether, tetra- 

45 hydrdfuxany dioxane r oc. mixtures thereof,, at a. temperature of from about room 
temperature to the reflux temperature of the solvent for a period of about 1 to 12 
hours, as shown by the following equations and as described on pages 211 — 213 of 
the: Latter, reference; 

y 

FX* yr 

50 R 8 ' being lower alkyLand all other, subsutuents being: as defined hereinabove. When 
the reaction is performed at the lower temperature, i.e. about room temperature, it is 
convenient to use two moles of a tertiary base such as 2,4,6-collidine, 2,6-lutidine or 
N,N-dimethylaniline to remove the liberated- acid HX- Included among the ^lydroxy 

containing compounds which can be reacted with the phosphorus halide PX 3 are 
55 alcohols such as methanol, ethanol, w-propanol, ijo-butanol, K-amyl alcohol; phenols 
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such as phenol, o-cresol, wr-cresol, /vcresol, 3,5-xylenoL, pentameylth phenol, 4-chloro- 
phenol; and mercaptans such as methanethiol, ethanethiol, n-propanechiol. 

Other disubstituted phosphoryl haHdes and thiophosphoryl 'halides, i.e. wherein 
Z 1 and Z 2 together are (SR 6 ) 2 in which R 6 is aryl or substituted aryl are prepared by 
5 first adding three moles of the sodium salt of a thiophenol to one mole of phosphoryl 5 

chloride, phosphoryl bromide, thiophosphoryl chloride, or thiophosphoryl bromide, to 
obtain a thioester and second treating the trithioester with one mole df acetyl chloride 
or acetyi bromide as shown in the following equations and as described on page 218 
of the latter reference. 

y y 
y/?*"s//<z -f- px s PC?* 6 ")* + s//»x 

P(SP*% + CfcCOX ~YPC$#*% + cw*c-s**P 

R 4 " being aryl or substituted aryl; and all other substituents are as defined hereinabove. 
Included among the thiophenols which can be reacted in the above manner, are thio- 
phenol, thio-o-cresol, thio-p-cresol. 

The disubstituted phosphorodiamidic haKdes, i.e. wherein each of Z l and Z 2 
15 is the group 15 



-o 



or NR 7 R 8 , are prepared by adding four moLes of a secondary amine to one mole of 
either phosphoryl chloride, phosphoryl bromide, thiophosphoryl chloride, or thio- 
tphosphoryl bromide, in an essentially anhydous non-reactive organic solvent such as 
20 chloroform, benzene, ether, tetrahydrofuran, dioxane, or mixtures thereof, at a 20 
temperature df from about room temperature to the reflux temperature of the solvent, 
for a period of about 1 to 12 hours, as shown by the following equation and as described 
on pages 279 and 281 — 282 of the latter reference : 



px* + *"\^) x-rC'^fiz + Z (^J 



y 



PX 3 + *M{_f X~P (X__/) z + Z0 



PX S + 4HNP 7 P 9 X-P(tfpTpS) z + ZX^Mt-XX 

25 all substituents being as defined hereinabove. Included among the secondary amines 25 

Y 
II 

which can be reacted with the phosphorus halide PX 3 are piperidine, morpholine; 
diaikyl amines such as dimethylamine, diethylamine, di-n-propyiamine; diaryl amines 
such as diphenylarnine; and mixed aikyi aryl amines such as N-methylaniline. 

The mixed disubstituted phosphoryl halides or thiophosphoryl halides (II), i.e. 
30 wherein each of Z l and Z 2 are different, can be prepared by varying the molar 30 
proportions of reactants and proceeding in a two-step reaction sequence, as shown by 
the following equations; 

+ P ott X z P(opO + //X 

' / ! 

PX* + P 6 S# X Z P(SP^) + #X 
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\ y 

y y 
y y 

X Z M(P 7 P 9 ) XP(tf/?jp*)(Kff^/?ty+firf?**m'ftx 

each of R T ' and R 8 ' being lower alkyl; and each df R 7 " and R 8 " being aryi; and all 
other substituents being as described hereinabove. 

In addition, the disubstituted phosphoryl halides or thiophosphoryl halides, i.e. 

o o s 

5 wherein Z l and Z 2 together are the group >R 9 , >R 9 or >R 9 can be prepared 5 

OS s 

by adding one mole of a dchydroxy containing compound, a dimercapto containing 
compound or a monohydroxy monomercapto compound to one mole of phosphoryl 
chloride, (phosphoryl bromide, thiophosphoryl chloride, or thiophosphoryl bromide under 
essentially the same anhydrous conditions as described above, and as shown by the 
10 following equations: 10 

y y 

px s + /rfo#) z — — xp j;p 9 + z#x 

o 

y y 

pxj + /r{stf) z xp^ yP 9 + z#x 

y y S 
i 0 y o 

PX S + x*(s#X<»0 —~ y?' + aw 

all substituents being as defined above. When the reaction is performed at the lower 
temperature, i.e. at about room temperature, it is convenient to use two moles of a 
ternary amine such as 2,4,6-collddine, 2,6-lutidine, N,N-dimethylanilme, to remove 
15 the liberated acid HX. Included among the compounds of the formulas R*(OH) 3 , 15 

' • ■■ - ||- " 

R e (SH) 2 and R 9 (SH)(OH) which can be reacted with the phosphorus haHde FX* 
are drhydroxy compounds such as ethylene glycol, trimethylene glycol, tetramethylene 
glycol, 2^Hiimethyltrimethylene glycol, 1,2-diphenylethylene glycol, catechol; di- 
mercapto compounds such as 1^-echanedithiol, 1,3-propanedithiol, 1,4-butanedkhiol, 
20 1,2-benzenedithiol; and monohydroxy monomercapto compounds such as 2-mercapto- 20 
ethanol, 3-mercaptopropanol, monothiocatechol. 

As a first alternative, some of the novel phosphorylated phosphorus yhds of the 
present invention can be prepared according to the following reaction sequence: 
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wherein R v is lower alkyl or cyciohexyl; each. of Z 1 ' and.Z 2 ' is the group OR 3 ', 



-'U 



or JttfR 7 iR 8 in which R y js.aryl. or substituted aryl; and all. other substituents being as 
3 rirfjnfti hereinabove. 5 

In -the. preferred piactire of this . alternative method, a trisubstituted phosphine 

(III) is allowed to react under substantially anhydrous conditions withan appropriately 
^substituted halomechylphosphonic acid or halomethylphosphonothioic acid (IV) in 
a non-reactive organic solvent such as tetrahydrofuran, dioxane, benzene, dimethyl- 

10 formamide, or mixtures .thereof, at room temperature to the reflux temperature of the 10 
solvent for a period of about 15 minutes to 24" hours, to afford a phosphorylated 
phosphonium haiide salt (V). The latter salt (V) is converted to a corresponding 
phosphorylated phosphonium ylid (A') by treatment, with an aqueous solution of a 
base, said solution optionally containing an organic solvent such as a lower mono- 

15 hydric alcohol such as methanol, ethanol; or a cyclic water^mdscrble ether such as 15 
dioxane, tetrahydrofuran. Bases particularly usdful for this purpose are potassium 
hydroxide, sodium hydroxide, sodium ethoxide, sodium cfbonate, pyridine. The con- 
version is effected at roam temperature for a period of 5 minutes to 24 hours, a period 
of 15 minutes being preferred. 

20 . The: chus-obtabed noveb ylid (A') ,is alkylated, if desired, by treatment with a 20 

■hatide iof. the -.formula R V X in. a. noinreactive organic solvent, such as ethyl acetate, 
benzene, dioxane^ djmethyiiormamidp, at an elevaied temperature, e.g. the reflux 
temperature: .of the. solvent far. & period .of about 15 minutes to 3 hours to afford a 
corresponding alkylated phosphorylated phosphonium salt (VI). The latter salt (VI) 

25 is converted to a corresponding yMd (A") by treatment with a base as described herein- 25 
ai3OTre^ar.the:una±ky»lafted sak (V). 

lite -tasubstituied .pbospiiiBes (HI) which .can. be- used to prepare some of the 
novel ;pfeosphoryiated phosfataminn ytids (A' and A") are described in the literature 
cited, above. 

30 The disubstmited halomeEhylphosphonic acids or habmemylphosphonothioic acids 30 

(IV) can be prepared by adding a pencd,.a secondary amine, or combinations thereof, 
in a sfiepwise ■manner, to cfateefflMthy4p(hosphomc acid dichloride, bromomethyl- 
phosphantcaoki! .dichloride, cMo^omethylphospLhonochioic dichloride, or bramomethyl- 
phosphooothioic dichloride, bromomethylphosphonic acid dibromide, bromomethyl- 

35 phosphonothioic acid dibromide, either alone or in the presence of a non-reactive 35 
organic solvent such as tetrahydrofuran, dioxane, benzene, or mixtures thereof, at 
reflux for a period of about four to twelve hours. The molar proportions of materials 
are varied, and the reaction is to be performed in a step-wise manner depending on the 
particular material (IV) being prepared, by procedures such as described hereinabove 

40 the preparation of the mixed cUsutetiuited phosphoryi haiides or thiophosphoryl 40 
halides (II). 
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As a second alternative, some .of the novel phosphorylated phosphorus ylids of 
the present invention, i.e. wherein Y is oxygen, can be prepared according to the 
following reaction: 




5 wherein all substituents are as defined hereinabove. 5 

In the preferred practice of the second alternative method, the monosubsrituted 
phosphonium yHd (I) is Billowed to react under substantially anhydrous conditions with 
an appropriately tetra-substituted pyrophosphate (VII) in a non-reactive organic 
solvent such a tetrahydrofuran, ether, benzene,. «-4iexane, or mixtures thereof, at room 

10 temperature to the reflux temperature of the solvent for a period of 15 minutes to 10 
about 3 hours. 

The tetrasubstituted pyrophosphates (VII) can be prepared by first hydroliyzing 
the disubstituted phosphoryl -hahde (II) in an aqueous media at reflux for a period of 
about one-haHf to two hours to afford an intermediary disubstituted phosphoric acid, 

15 and second condensing said disubstituted phosphoric acid in the presence of a 15 
carbodiimide such as dicyolohexyicarbcKliinride, di-^tolylcarbodtimide, is an essentially 
anhydorus non-reactive organic solvent suoh as benzene, ether, dioxane, such as 
described 'by H. G. Khorana and A. R. Todd, J. Ckem. Soc, 2257 (1956). 

As a third alternative, some of the novel phosphorylated phosphonium yMds of 

20 the present invention, i.e. those of Formula (A) in which R 4 is lower alkyl or cyclo- 20 
hexyl, can be prepared,, as described herein above in the first alternative method, 
according to .the- following reaction sequence: 




ail substituents being as defined hereinabove: 

25 In the preferred practice of the third alternative method, the novel unalkylated 2! 

phosphorylated phosphonium ylid [(A), wherein R 4 is hydrogen], is converted to the 
corresponding novel alkylated jphosphorylated phosphonium ylid [(A), wherein R 4 is 
lower aikyi or cyclohexyl], by treatment vritii a hahde of the formula R V X followed 
by basic treatment with an aqueous solution of a base described hereinabove in the 

30 first alternative method. _ 3( 

The phosphorylated phosphonium ylids (A) aTe valuable intermediates which 
can be reacted with a wide variety df aldehydes and ketones, thereby providing un- 
saturated phosphonate and thiophosphonate derivatives thereof. Thus, the present 
invention provides a valuable synthetic route for the preparation of phosphonic acids 

35 and tmophosphonic acids therefrom, as shown by the following reaction sequence: 3! 
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10 



15 



20 



25 



30 



R io R 10 

wherein each of >C=0 and >C=0 is an aldehyde and ketone, respectively; 
H R 11 

R 11 ' being hydrogen or R n ; and all other substituents being as defined herein. 

In -the .preferred practice of the latter reaction sequence, the phosphorylated 
phosphonium ylid (A) is allowed to react with a carbonyl compound of Formulas 
(VIIIA) and (VIIIB), respectively, either alone or in an organic sohvent inert to the 
reaction such as tetrahydrofuran, dioxane, dimethylformamide, dimethyl sulfoxide, 
methanol, ethanol, acetonitrile, or mixtures thereof, at a temperature of 25°C to the 
reflux temperature df .the solvent but preferably at about 25°C for a period of from 
1 to 48 hours, to form a corresponding ^-unsaturated phosphonate or thiophosphonate 
derivative (IX). 

R 10 R 10 

Any aldehyde, i.e. >C=0 or ketone, i.e. >C=0, can be reacted with the 
H R 11 
phosphorylated phosphonium ylids of the present invention to form a corresponding 
^-unsaturated phosphonate or thiophosphonate derivative thereof, i.e. 



R 10 j| Z l 

>C=C— P< 
H | Z 2 
R 4 



Y 

R 10 !| Z 1 

or >C=C— P< 
R 11 | Z 2 
R 4 



For example, the carbonyl compounds of Formulas (VIIIA) and (VIIIB) may be any 
aldehyde or ketone of the aliphatic, alicyclic, aromatic, or heterocyclic series. 

Included among the aliphatic, alicyclic and aromatic groups which R 10 and R 11 
can represent are alkyl (including saturated and unsaturated, straight and branched 
chain alkyl and cycloalkyl) and aryl (including alkaryi and aralikyl) groups, such as 
methyl, ethyl, propyl, ^propyl, n-btrtyl, jec-butyl, amyl, hexyli, heptyl, octyl, ailyl, 
methallyl, cyclobutyi, cyclopentyl, cyclohexyi, methylicyclohexyl, cycloheptyl, 
cyciohexenyl, phenyl, tolyl, xylyi, benzyl as well as fused ring structures, such as 
indanyl, indenyJ, naphthyl, acenaphchyl, phenanthryl, and cyciopentanopolyhydro- 
phenathryi rings, all of which can either be unsubstituted or substituted with one or 
more non-interfering substituents, e.g. methoxy and acyioxy, e.g. acetoxy groups; 
nitro groups; amino groups; alkyl ami no groups, such as methylamdno, dmethyhmfno 
and dierJiylamino groups; haloge, e.g. fluorine or chlorine; carbonyl derivatives; such 
as enol ether, acetal and ketad groups. 



10 



15 



20 



25 



30 



9 



1,243,213 



9 



The thus-obtained ^^-unsaturated phosphonate (IX), i.e. wherein Y is oxygen, 
Ts catalyticalty hydrogenated at room temperature by conventional techniques such as 
in .the presence of a palladium on an inert support catalysts such as palladium-on- 
barium sulfate, palladium-on-calcium carbonate, in a lower alcoholic solvent such as 

5 methanol, ethanoli and the like, to form a corresponding saturated phosphonte (X). 5 

Alternatively, the ^-unsaturated phosphonate (IX) is reduced by treatment with 
a diimide at room temperature in an inert non-reactive solvent such as methanol, 
ethanoi, ethyl acetate, or mixtures thereoff, for a period of about one to about twenty- 
four hours to afford the corresponding saturated phosphonate (X). 

10 The thus-obtained ^-unsaturated thiophosphonates (IX), i.e. wherein Y is sulfur, 10 

which adversely affects the efficiency of the palladium catalyst, as weWl as the ^-un- 
saturated phosphonate (IX) having one or more groups such as nitro, allyl, which 
would be simultaneously reduced, are reduced by the diimide method as described 
above to afford the corresponding saturated thiophosphonate and phosphonates (X). 

15 Each of the Z 1 and Z 2 groups in the thus-obtained or,/?-sa turned phosphonate or 15 

thiophosphonate (X) is removed by hydrolysis, hydrogenolysis, anionic dealkylation, 
enzymatic action, or combinations thereof, under a variety of different conditions to 
afford the ^-saturated phosphonic acid or phosphonothioic acid (XII). The variety 
of conditions is dependent upon the nature of the Z 1 and Z 2 groups so ±at the removal 

20 of the first group and then a second group can be effected in a step-wise manner or 20 
the removal of both groups can be effected in a one-step procedure as will be discussed 
in more detail 'below. 

Alternatively, the a^-unsaturated phosphonate or thiophosphonate 
(IX) is convened to the corresponding {^-unsaturated phosphonic acid (XI) by 
25 hydrolysis, hydrogenolysis, anionic dealkylation, enzymatic action, or combinations 25 
thereof, and the latter ^-unsaturated phosphonic acid or thiophosphonic acid (XI) 
is converted to saturated phosphonic acid or thiophosphonic acid (XII) as described 
hereinabove. 

Furthermore, the phosphorylated phosphonim ylids having the general formula r 

R l OZ 1 ' 

\ 11/ 

30 R2_p=CH— P 30 

/ \ 
R 3 Z 3 " 

wherein each of Z l " and Z 2 " is the group OR 5 , SR 6 , 



-o 



or NR 7 'R"' in which each of R 5 and R* is lower alkyl, lower alkenyl, aryl or substituted 
aryl, and each of R 7 ' and R 8 ' is lower alkyl; 

O 

35 or Z r and Z 2 " together are the group >R 9 ' in which. R*' is arylene; and ' 35 

O 

all other substituents being as defined hereinabove, are valuable intermediates in 
the preparation of nucleoside 6'-phosphonic acids. For example, when R 10 in the 

R 10 

general formula >C=0 given above for an aldehyde, represents a particular class 
H 

of substituted tetrahydrofurfuryl groups, i.e. those having the structures: 





wherein R 12 is a substituted or unsubstituted pyriniidine or purine base, e.g. uracil- 
1 -yl, cytosin- 1 -yl, 4-chloro- 1 ,2-dihydropyrimidin-2-on- 1 -yl, 5-bromouracil- 1-yi, 
5-bromocytosin- 1 - yl, 5 -chlorouracil-l -y 1, 5 -chlorocytosin- 1-yi, 5 -iodouracii- 1-yi, 
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.5-iodocytosm-l-yI), 5-fluorouracil-l-yl, 5-fluorocytosin-l-yl, chyimn-l-yl, 5-methyl- 
cytosin-l-yl, 5-aifluoromethyIuraciI-l-yl, 5-trifluoromethyicytosin-l-yl, j-aminouracil- 
1 -ylj 5 -aminocytosin-' 1 -y 1, 5 -mernylaminouracil-' 1 -yl, 5 -methylaminocytosin- 1 -yli, 
5-hydroxyuracil-l-yl, 6-azauracil-l-yJ, 6-azactosin-l-yi, 4-cMoro-6-aza-l,2-dihydro- 
5 pyrimidin-2-on-l-yl, 6-azathymin-l-yJj, hypoxanthin-9-yl, adenin-9-yl, 6 -dimethyl- , .5 

aminopurin-9-yl, 2-chloroadenin-9-yi, 6-chloropoirin-9-yl, 6-mercaptopurin-9-yl, 
guanin-9-yl, xanthin-9-yl, 2,6-dichloropurin-9-yl, 2,6-bis(mct^ylamino)puriii-9-yl, 
8-azaadenin-9-yi, 8-azagttanin— 9-yl, 7-deazaadenin-9-yl; 

each df R 13 and R l3/ is 'hydrogen, hydroxy, aikoxy or acyloxy; 
10 each of R 14 and R 14 ' is hydrogen, hydroxy, aikoxy or acyloxy; or 10 

R" and R 14 together are acetai or ketal group, e.g. isopropylidenedioxy, 
p-amsylidenedioxy, the starting material is a nucleoside 5 '-aldehyde and will be con- 
verted by reaction with .the latter ylid using the process of the present invention to the 
corresponding intermediary 5^6 , -dideoxyhex-5 / -eno^uranosylmicleoside 6'-phosphonate 

z*" °' 




and arabinohex-5'-enfuranosyl nucleoside 6'-phosphonate, repectively 




wherein all substituents are as defined hereinabove. 

The intermediary a^-unsaturated phosphonates are converted by catalytic hydro- 
20 genation or diimide reduction as described hereinabove to afford a corresponding 20 
saturated phosphorrate, i.e., nucleoside 6 '-phosphonates having -the formulas: 

wherein all substituents are as defined hereinabove. 

As exemplified by the following procedures, both of the Z l " and Z 2 * groups in 
25 the 'Latter compound can be removed by hydrolysis, hydrogenolysis, anionic dealkylation, 25 
enzymatic action Or combinations thereof, to afford a corresponding nucleoside 
6'-phosphonic acid, i.e. 

<** T » ? 





W 1 



wherein all substituents are as defined hereinabove. For example, where each of 
30 Z 1 " and Z 2 " represents, the group OR 3 in which R s is lower alkyi, the aJkyl groups 30 
are removed by heating with an iodide salt such as sodium iodide, in an aproric dipolar 
solvent, such as dimethylformarnide, at a temperature of about 140°C to 150°C for 
about 16 to 48 hours. Where each of Z 1 " and Z 2 " represents the group OR 5 in which 
R s is aryi or substituted aryi, the aryl or substituted aryl groups are removed by 
35 alkaMne hydrolysis in a step-wise manneri>y reacting first at room temperature in an 35 
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aqueous organic solution of a strong alkali metal hydroxide such as lithium hydroxide 
or sodium hydroxide in aqueous dioxane, tetrahydrofuran, acetonitrile, for about 
30 minutes to two hours. The second OR 5 group is removed by refluxing with 
saturated aqueous barium hydroxide solution for 30 minutes to two hours. Alternatively, 

5 the second OR 4 group is removed by enzymatic action by incubation in the presence 5 

of a snake venom phosphodiesterase such as that present in the venom off Crotaleus 
odamanteus. Where each of Z 1 " and Z 2 " represents the group OR 3 in which R 5 i s a 
lower alkenyl or aralkyl group, more specifically an ally! group, a benzyl group or a 
substituted benzyl group, the allyl, benzyl or substituted benzyl groups are removed by 

10 hydrogenolysis at room temperature over a palladium on an inert support catalyst such 10 
as a pailadium-on-barium suilfate catalyst under the slight positive pressure of hydrogen 
for a period of about two to six hours. Where each of Z 1 " and Z 2 * represents the group 
OR 3 in which R 3 is phenyl, substituted phenyl or naphthyl, the nucleoside 6'-phosphonic 
acid can be prepared by subjecting the nucleoside 6'-phosphonate to transesterincation 

15 by treatment with a primary alcohol in dipolar organic solvent in the presence of a 15 
base followed by anionic dealkylation in the case of dialkyl phosphonates or hydrogen- 
olysis in the case df diaralkyl phosphonates. Suitable primary alcohols include the 
saturated aliphatic alcohols such as methanol, ethanoli, 2,2,2-trichloroethanol, and the 
like of up to six carbon atoms and aralkyl alcohols such as benzyl alcohol, methyl- 

20 benzyl alcohol, ^-phenylethanol, 3-phenyM-propanol, 4-phenyl-l-butanol. Suitable 20 
bases for generating the alkoxide or aralkoxide include the alkali metal hydrides, 
alkali metals, alkali metal t-butoxides, triemylamine. The reaction is carried out under 
anhydrous conditions in a dipollar organic solvent such as dimethylformamide, dimethyl- 
sulfoxide. Where each of Z r and Z 2 " represents the group SR 6 in which each of R 9 

25 is lower alkyl, aryl or substituted aryl, the alkylchio, arylthio or substituted arylchio 25 
groups are removed in a step-wise manner by treatment with a mild alkali such as 
alka-Iii metal bicarbonate or an alkali metal carbonate in an aqueous organic solvent 
such as aqueous methanol, acetone, at room temperature for a period d£ about 30 
minutes to six hours to remove the first group and then by treatment with an aqueous 

30 acetone solution containing a molar equivalent of iodine to remove the second group, 30 
as described by A. L. Nussbaum et al., ?. Am. Chem. Soc. 87, 2513 — 4 (1965). Where 

O 

Z 1 " and Z 2 " together represent the group >R*' in which R 9 ' is arylene such as 

O 

o-phenylene, the o-arylene group is removed in a step-wise manner by treatment with 
water to form an intermediary o-hydroxyphenyl monoester and second by treatment 
35 with an aqueous solution df bromine, essentially hypobromous acid, to cleave the 35 
o-hydroxyphenyli group, as described by T. A. Khawaja and C. B. Reese, J. Am. Chem. 
Sac, 88, 3446 — 7 (1966). Where each of Z 1 " and Z 2 " represents the group 



-/V o 
\ — -/ 



the morpholinyl groups are removed by aqueous hydrolysis with an acidic ion-exchange 
40 tesin such as sulphonated polystyrene beads cross-linked with 8% divinylbenzene or 40 
with an aqueous inorganic acid such as hydrochloric acid. Where each of Z 1 " and Z 2 " 
represents the group 



or NR T 'R 8 ', the piperidyl groups or the dialkylamino groups are removed by aqueous 
45 hydrolysis with an acidic ion-exchange resin in the acid form or with an aqueous 45 
inorganic acid such as aqueous hydrochJoric acid. 

Alternatvely, removal of the Z l " and Z 2 " groups can be effected by one of the 
procedures described hereinabove prior to the catalytic hydrogertation or diimide 
reduction procedure, as described hereinabove, to obtain the nucleoside 6'-phosphomc 
50 acids. . 50 

The novel phosphorylated phosphonium ylids of the present invention are versatile 
reagents useful in converting carbonyl compounds into phosphonates, free phosphonic 
acids or phosphonic acid salts. They are useful as intermediates in the preparation of, 
for example, insecticides, herbicides, oil additives, detergents, lubricant and oil additives. 



12 



1,243,213 



12 



flame retardants, anti-oxidants and nucleoside phosphonates, phosphonic acids and 
phosphonic acid salts. Insecticides such as the alkyl p-iritrophenyl alkylphosphonates 
and thio analogs thereof can be prepared by condensing acetaldehyde, propanal, 
butanai, with the appropriately substituted phosphorylated phosphonium ylid, namely 

5 wherein Y is oxygen or sulfur; Z 1 is O-ethyl and Z 2 is 0-/>-nitrophenyl, followed by 5 
reducing the intermediary «,/?-unsaturated phosphonate or thiophosphonate by the 
diimide reduction. Herbicides such as the diesters of octylphosphonic acid can be 
prepared by condensing heptanal with the appropriately substituted phosphorylated 
phosphonium ylid, namely wherein Y is oxygen and each of Z 1 and Z 2 is the group 

10 OR 3 in which R 5 is lower alkyl, aryl or substituted aryl followd by catalytic hydrogena- 10 
tion .or diimide reduction of the intermediary ^-unsaturated phosphonate. Oil 
additives such as the dialkyl styryl-phosphonates can be prepared by condensing 
benzaldehyde with the appropriately substituted phosphorylated phosphonium ylid, 
namely wherein Y is oxygen and each of Z 1 and Z 2 is the group OR 5 in which R 3 is 

15 lower alkyl. The nucleoside 6 '-phosphonic acids prepared according to the process of 15 
this invention and derivatives prepared .thereJfrom are isosteric with the natural 
nucleoside 5 '-phosphates and derivatives thereof and can be used in the same manner 
as and as a replacement for the latter compounds. The nucleoside 6 '-phosphonic acids 
and derivatives thereof differ from the known nucleoside 5 '-phosphates and derivatives 

20 thereof in that the former contains a P— CH 2 — C group in place of the natural 20 
P — O — C group, thereby conferring greater metabolic stability to the former. The 
nucleoside 6 '-phosphonic acids and derivatives thereof are not sensitive to cell wall 
phosphatase and hence are not cleaved into the parent materials during entrance into 
the cell. The nucleoside 6'-phosphonic acids and derivatives thereof are also useful 

25 intermediates for the preparation of cyclic 3 ',6 '-phosphonates. This conversion can be 25 
accomplished by treating the nucleoside 6'-phosphonic acid with a dehydrating agent, 
e.g. a carbodiimide such as NjN'-dicyclohexylcarbodiimide, N,N'-di-p-tolyl- 
carbodiimide, in a basic solvent such as pyridine according to the .procedure of Smith 
et al., J. Am, Chem. Sac, 83, 698, (1961); U.S. Patent 3,300,479; French 2883M 

30 (1964); or French 3249M (1965). The cyclic 3',6'-phosphonates can be used in the 30 
same manner as and as a replacement for nucleoside eyerie 3 ',5 '-phosphates such as 
adenosine 3',5'-cyclic phosphate which are useful, for example, for the control of 
steroid production, the treatment of hypotension and as vasodilators. The cyclic 
3 ',6 '-phosphonates being much less susceptible to hydrolysis than are the cyclic 3 ',5- 

35 phosphates have the advantage of a longer biological haHf life. 35 
The following examples are set forth to illustrate the present invention. 

Example 1 

To a mixture of 7.14 g. (20 mmotes) of methyitriphenylphosphonium bromide 
in 100 ml. of ether, cooled to 20°C and under a nitrogen atmosphere, is added 

40 12.6 ml. of a 1.6M solution of n-butyl lithium in hexane (20 mmoles). The mixture 40 
is allowed to stand at 20°C for an additional one-half hour, at which rime a .yellow 
solution df methyl enetriphenylphosphorane is present. To this mixture is then added 
dropwise a solution of 2.68 g. (10 mmoles) of diphenyl phosphorochloridate in 50 ml. 
of ether over a period of five minutes, and the resulting reaction mixture is allowed to 

45 stand for a period of 15 minutes. The reaction mixture is then extracted with two 45 

100 ml. portions of 3N hydrochloric acid. The combined acid extracts are washed with 
ether, and then carefully neutralized by the dropwise addition of 4N aqueous sodium 
hydroxide to afford a precipitate. The precipitate is collected by filtration, washed 
with water and then hexane to yield diphenyl triphenylphosphoranyiidenemethylphos- 

50 phonate which is further purified by recrystallization !from ethyl acetate : hexane. 50 
In a "similar manner by repeating the above procedure with one exception, namely 
substituting first methyldiphenyM-butylphosphomum bromide, second tetramethyl- 
phosphonium bromide, third methyltricyclohexylphosponium bromide, and fourth 
dimethyldiphenylphosphonium bromide for methyitriphenylphosphonium bromide, 

55 there are generated in situ the corresponding intermediary monosubstrtuted phos- 55 
phonium yhds first methylenediphenyl-f-butylphosphorane, second methylenetrimenhyl- 
phosphorane, third methylenerricyclohexylphosphorane, and fourth merhyienemethyi- 
diphenylphosphorane for methyienemphenylphosphorane in the above procedure, and 
there are obtained, the corresponding diphenyl phosphoranylidenemethylphosphonates, 
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namely first diphenyl diphenyl-f-butylphosphoranylidenemechylphosphonate, second 
diphenyl trimemylphosphoranyh^enememylpto third diphenyl tricyclohexyi- 

phosphoranyhdenemethylphosphonate, and fourth diphenyl mechyldiphenylphos- 
phoranyiidenemethylphosphonate. 

5 Example 2 5 

To a mixture of 178 g. of methytriphenylphosphonium bromide in 25 ml. of 
ether, cooled to 20°C and under a nitrogen atmosphere, is added 3.10 mi. of 1.6M 
solution df n-butyl lithium in hexane. The mixture is allowed to stand at 20° C for an 
additional one-'half hour, at which rime a yellow solution of methylenetriphenyl- 

10 phosphorane is present. To this mixture is then added dropwise a solution of 0.74 g. 10 
of di-a-totyl phosphorochloridate in 10 ml. of ether, and the resulting reaction mixture 
is allowed to stand at room temperature for a period of 15 minutes. The reaction 
mixture is then partitioned between 50 ml. of water and 50 ml. of benzene. The 
aqueous layer is separated and extracted with several portions of benzene. Then the 

15 combined organic phase and extracts are washed with water and dried over magnesium 15 
sulfate. After removing the magnesium sulfate by filtration, the organic phase is 
evaporated to dryness under reduced pressure to afford a colorless oil. The oil is 
recrystalMzed from ethyl acetate : hexane to afford di-o-tolyl triphenyiphosphoraylidene- 
mechylphosphonate as a white crystalline solid. 

20 In a similar manner by repeating the above procedure with one exception, namely 20 

substituting first di-wi-tolyl phosphorochloridate, second di-/>-tolyl phosphorochloridate, 
and third di-3,5-xylyl phosphorochloridate for the di-o-toiyl phosphorochloridate in 
the above procedure, there are obtained the corresponding diaryl triphenylphosphor- 
anylidenemethylphosphonates, namely di-m^tolyi triphenylphosporanylidenemechyl- 

25 phosphonate, di-/>-tolyl triphenylphosphoranylidenemechylphosphonate and di-3,5-xylyl 25 
trir>henylphosphoranyHdenemethyiphosphonate, respectively. 

Example 3 

To 100 ml. of anhydrous liquid ammonia, previously cooled in a Dry Ice-acetone 
bath and under an inert atmosphere of argon, are added 0.5 g. of metallic sodium and 

30 a few grains of ferric nitrate, and the resulting mixture is allowed to stir until it turns 30 
grey. Then 3.57 g. (10 mmoles) of methyltriphenyiphosphonium bromide is added to 
the mixture. After stirring the mixture 'for 15 minutes, the ammonia is removed by 
evaporation leaving behind a residue. To this residue is then added 100 ml. of 
anhydrous tetrahydrofuran, and the resulting mixture is held at reflux for 20 minutes 

35 to expel any residual ammonia, then cooled and filtered through a sintered glass filter 35 
of medium porosity. To the filtrate is then added 1.34 g. (5 mmoles) df diphenyl 
phosphorochloridate and this mixture is then held at room temperature for a period 
of 30 minutes. The reaction mixture is then filtered and the filtrate evaporated to 
dryness to yield diphenyl triphenyJphosphoranylidenemechyiphosphonate which is further 

40 purified by recrystaEization from ethyl acetate : 'hexane. 40 
In a similar manner by repeating the above procedure with the phosphcnium salts 
and phosphorylating agents indicated in the table, there are obtained the 'following 
products : 
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Phosphonium Salts Phosphorylating Agents Products 



ethyltriphenylphosphonium 
bromide 


diphenyiphosphoro- 
chloridate 


diphenyl [1-tri- 
phenylphosphor- 
anylidene]ethyl- 
phosphonate 1 


methyltriphenylphos- 
phonium. bromide 


diethyl phosphoro- 
chloridate 


diethyl triphenyl- 
phosphor- 
anlidenemethyl- 
phosphonate 


diemthyldiphenyl- 
phosphoniurn. bromide. 


diethyl phosphoro- 
chloridate- 


diethyl methyldi- 
phenylphosphor- 
anylidenemethyl- 
phosphonate 


methyltriphenyl- 
phosphonium bromide - 


tetra-(/Hnitro- 
phenyl) pyrophosphate 


di-(£-nitro- 
phenyl) tri- 
phenylphosphor- 
anyhdenemethy 1- . 
phosphonate 


methyltriphenyl- 
phosphomum bromide 


dibenzyl phosphoro- 
chloridate . 


dibenzyl tri- 
phenylphosphor- 
anylidenemethyl- 
phosphonate 


methyltriphenyl- 
phosphonium bromide 


di-(/>-bromobenzyl) 
phosphorochloridate 


di-(^-bromo- 
benzyl) triphenyi- 
phosphoranylidene- 
methylphosphonate- 


methyltriphenyl- 
phosphonium bromide 


diphenyl phosphora- 
chloridothioate 


diphenyl tri- 
phenylphosphor- 
any lidenemethy 1- 
thiophosphonate 


methyltriphenyl- 
phosphonium bromide 


di-(p-nitrobenzyl) 
phosphorochloridate 


di(p-nitro- 
benzyl) triphenyl- 
phosphoranylidene- 
methylphosphonate 


methyltriphenyi- 
phosphonium bromide 


G-phenylene phos- 
phorobromidate 


o-phenylene tri- 
phenylphosphor- 
anylidenemethyl- 

phosphonate 


methyltriphenyl- 
phosphonium bromide 


2,2-dimethyltri- 
methylene phosphoro- 
chloridate 


2,2-dimethyltri- 
methylene tri- 
phenylphosphor- 
anylidenemethyl- 
phosphonate 
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Example 4 

To 100 ml. of anhydrous liquid ammonia, previously cooled in a Dry Ice-acetone 
bath and under an inert atmosphere of argon, are added 0.5 g. of metallic sodium and 
a few grains of ferric nitrate, and the resulting mixture is allowed to stir until it rums 
grey. Then 3.57 g. (10 mmoles) of memyltriphenylphosphonium bromide is added to 
the mixture. After stirring the mixture for 15 minutes, the ammonia is removed by 
evaporation leaving behind a residue. To this residue is then added 100 ml. ctf 
anhydrous tetrahydrofuran, and the resulting mixiture is held at reflux for 20 minutes 
to expel any residual ammonia, then cooled and filtered through a sintered glass filter 
of medium porosity. To the filtrate i s then added 1.27 g. (5 mmoles) of phosphorodi- 
morpholidic chloride and this mixture is then held at 40°C for a period of one hour. 
The reaction mixture is then filtered and the ftkrate evaporated to dryness to yield 
triphenylphosphoranylidenemethylphosphonodim<wphoM which is further purified 
by recrystaliization from ethyl acetate : hexane. 

In a similar manner by repeating the above procedure with the phosphonium salts 
and phosphorylating agents indicated in the table, there are obtained the following 
products : 
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Phosphonium Salts 



Phosphorylating Agents Products 



methyltriphenylphos - 
phonium bromide 



methyltriphenylphos- 
phonium bromide 



methyltriphenylphos- 
phonium bromide 



tetramethylphosphonium 
bromide 



methyltri-n-butyl- 
phosphonium bromide 



phosphorodimorpho- 
lidic bromide 



diethyl phosphoro- 
chloridothioate 



N,N '-dimethylphos- 

phorodianalidic 

chloride 

0,0-diphenyl phos- 
phorochloridothioate 



phosphorodimorpho- 
lidic bromide 



triphenylphosphor- 

anylidenemethylphos- 

phonodimorpholidate 

diethyl triphenyl- 

phosphoranylidene- 

methylthiophosphonate 

triphenylphosphor- 
anylidenemethylphos- 
phonodi(N-methyl- 
anilidate) 

diphenyl trimethyl 

phosphoranylidene- 

methylthiophosphonate 

tri-rt-butylphosphor- 

anylidenemethylphos- 

phonodimorphohdate 



Example 5 

20 To 100 ml. df anhydrous liquid ammonia, previously cooled in a Dry Ice-acetone 20 

bath and under an inert atmosphere of argon, are added 0.5 g. of metallic sodium and 
a few grains of ferric nitrate, and the resulting mixture is allowed to stir until it turns 
grey. Then 4.34 g. (10 mmoles) of benzyltriphenylphosphonrum bromide is added to 
tfne mixture. After stirring, the mixture for 15 minutes, the ammonia is removed by 

25 evaporation leaving behind a residue. To this residue is then added 100 mi. of an- 25 
hydrous tetrahydrofuran, and the resulting- mixture is held at reflux for 20 minutes to 
expel any residual ammonia, then cooled and filtered through a sintered glass filter of 
medium porosity. To the filtrate is then added 1.34 g. (5 mmoles) of diphenyl 
r>hosphorochloridate and this mixture is then held at 65°C for a period of two hours. 

30 The reaction mixture is then filtered- and the filtrate evaporated to dryness to yield 30 
diphenyl txiphenylphosphoranylidenebenzylphosphonate which is further purified by 
recrystallization from ethyl acetate: hexane. 

In a .similar manner by repeating the above procedure with the phosphonium 
salts and phosphorylating agents indicated in the Table, there are obtained the follow- 

35 mg products: 35 
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Phosphonium Salts 



Phosphorylating Agents Products 



benzyltriphenyl- 
phosphonium bromide 


diethyl phosphoro- 
chloridate 


diethyl triphenyl- 

phosphoranylidene 

benzylphosphonate 


benzyldimethylphenyl- 
phosphonium bromide 


diphenyl phos- 
phorochloridate 


diphenyl dimethyl- 

phenylphosphoranyl- 

idenebenzylphosphonate 


p-nitrobenzyltri- 

phenylphosphonium 

bromide 


diphenyl phos- 
phorochloridothioate 


diphenyl triphenyl- 
phosphoranylidene- 
p-nitrobenzylthio- 
phosphonate 


benzyltricyclohexyl- 
phosphonium bromide 


di-/>-tolyl phos- 
phorochloridate 


di-/>-tolyl tri- 
cydohexylphos- 
phoranylidenebenzyl- 
phosphonate 
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Example 6 

A mixture of 0.36 g. (1 mmole) oif 2%3'-0-amsyUdeneuridine-5'-aldehyde [pre- 
pared in accordance with U.S. patent 3,248,380] and 0.508 g. (1 mmole) of diphenyl 
aiphenylphosphoranyhdenemethylphosphonatie in 10 ml. of tetrahydrofuran is aUowed 
to stand at 37°C for a period of 16 hours. The reaction mixture l s then chromato- 
graphed on a 1 meterX20 cm. glass plate coated with a 1.3 mm. layer of sihcic acid 
After development of the plate in the solvent mixture, isopropanol : chloroform (l:?), 
the main ultraviolet absorbing band (R!?=0.5) is eluted with acetone. After removing 
the solvent by evaporation under reduced pressure, there is obtained diphenyl LH^r 
0-amsyhdene-5,6^ideoxy-£-D-n^ 6'-phosphonate as a 

white, homogeneous foam. 

Example 7 

To a solution of 2.84 g. (10 mmoles) of 2 / ,3 , -0-isopropyhdeneundine in 25 ml. 
of anhydrous dimethyl! sulfoxide are added 6.2 g. (30 mmoles) of dicyclohexyi- 
caibocuimide, 0.8 ml. (10 mmoles) of pyridine and 0.4 ml. (5 mmoles) of trifluoro- 
acetic acid. The resulting solution is allowed to stand at 25°C for six hours, during 
which time dicyclohexylurea precipitates 'from the solution. At the end of the reaction, 
dicyclohexylurea is removed by filtration and wasted with several) pornons of fresh, 
anhydrous dimethyl sulfoxide. To the combined filtrate and washings, is added 5 .US g. 
(10 mmoles) of diphenyl triphenylphosphoranyHdenemethylphosphonate, and the result- 
ing mixture is allowed to stand at 37°C for 16 hours. At this point, 200 ml), of echyl 
acetate is added, and the organic phase is washed with three 100 ml. portions ot 
water, dried, filtered, and evaporated under reduced pressure to afford a pale yellow 
oil A solution of the thus-obtained oil in chloroform i s chromatography on eight 
1 meter X 20 on. glass plates coated with a 1.3 mm. layer of silicic acid. Alfter develop- 
ment of the plates with echyl acetate, two ultraviolet absorbing products are eluted 
from the plates with ethyl acetate. Afer removing the solvent from the faster moving 
product, there is obtained diphenyl [l-(5,6^deoxy-2,3-0-isopTC W hdene^ : D-n^a- 
hex-5-enofuranosyl)uracil] 6 '-phosphorate which is purified by recrystallizauon from 
aqueous ethanol. After removing the solvent from the slower moving product, there 
is obtained mphenylphospbine oxide. - Anc 

In a similar manner by repeating the above procedure with two exceptions, 
namely substituting a molar amount df each of 2^3^-0-isop^opyhdeneadenoslne and 
diethyl triphenylphosphoranyHdenemethyiphosphonate for 2',3 -O-isopropyhdene- 
uridine and diphenyl trfchenylphoqpfa^ 

is obtained the corresponding product, namely diethyl [9-(5,6-dideoxy-2,3-U-iso- 
propylidene-^-P^^hex-5^ofuranosyl)ademne] 6'-phosphonate. 

Example 8 . 
A solution of 512 mg. (1 mmole) of diphenyi [l^^-dJdeoxy^^-O-jsopropyl- 
idene-5-D-n^o-hex-5-enofuranosyl)uracil] 6'-phosphorrate in 30 ml. of methanol rs 
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hydxogenated at 20° C in the presence of 0.2 g. of a pre-reduced 5% paliadium-on- 
barium sulfate catalyst and under a slight positive pressure of hydrogen lor two hours, 
at which time, the uptake of hydrogen reached the theoretical value. The cataliyst is 
removed by filtration through diatomaceous earth and washed with methanol. The 

5 combined filtrate and washings are evaporated to dryness under reduced pressure to 5 

yield diphenyl [1^5,6^deoxy-2,3-0-tf(7propyk\ieneV?^ 
6 / -phosphonate as a white foam. 

In a similar manner by repeating the above procedure with one exception, namely 
substituting a molar amount of diethyl [9-(5,6-dideoxy-23-0-isopropylidene^-D-r^o- 

10 hex-5-enafuranosyl)ademne] 6 / -phosphonate for diphenyl [l-(5,6-dideoxy-2,3-0-iso- 10 
propylidiene-/?-0-n^t?-hex-5 -enofuranosyl)uraci 1] 6 / -phosphonate, there is obtained the 
corresponding product, namely diethyl [9-(5,6-<kdeoxy-2,3-0-i«opropylidene-^-D-n3a- 
hexofuranosyl)adenine] 6'phosphonate. 

Example 9 

15 A solution of 0.50 g. of diphenyl [ l-(5,6-dideoxy-2,3-0-zj(7propylidene-^-D-rt^(>- 15 

hexofuranosyl)uracil] 6'-phosphonate in 20 ml. of 80% acetic acid is heated at 100°C 
for two hours. The solvent is then removed by evaporation under reduced pressure to 
yield a residue of diphenyl [1^5,6^ideoxy-^-D-7^^hexofuranosyl)uracil] 6 '-phos- 
phonate which is purified by repeated dissolution and evaporation from several 

20 quantities of ethanol. 20 
In a similar manner by repeating the above procedure with one exception, namely 
substituting diethyl [9^5,6-dadeoxy-2,3-O-f*0propyHdene^ 
adenine] 6'-phosphonate for diphenyl) [ll^5,6Kiideoxy-2,3-0-wopropyHdene-^-D-nfra- 
hexdfuranosyl)uracil] 6'-pho$phonate, there is obtained the corresponding product, 

25 namely diethyl [9-(5,6KJideoxy-^-D-n6^hexofuianosyl)adenine] 6'-phosphonate. 25 

Example 10 

To a solution of 119 mg. (0.25 mmole) of diphenyl [l-(5,6-dideoxy-/?-D-n&0- 
hexofuranosyi)uraril] 6'phosphonate in 10 ml. of dioxane and 10 ml. of water is added 
1 ml. of IN aqueous solution of lithium hydroxide. The resulting solution is aMowed 

30 to stand at 20°C for one hour at which time the pH df .the solution is adjusted to 7 by 30 
the addition of an acid-ion exchange resin. After removing the resin by filtration, 
the fikrate is reduced to dryness under reduced pressure to afford a residue. A solution 
of the thus-obtained residue in 10 ml. of water is chromatographed on a 1 meter X 20 
cm. glass plate coated with a 1.3 mm. layer of microcrystalline cellulose. After develop- 

35 ing the plates in the solvent mixture, ryopropanol : ammonium 'hydroxide : water (7:1: 2), 35 
the ultraviolet absorbing material, having an BS value of 0.5 to 0.6, is eluted with 
water. After removal df the water by evaporation under reduced pressure, there is 
obtained phenyl [1^5,6-dideoxy^-jD-ri&<>-hexofinaira 6'-phosphonic acid 

as a chromatographically homogeneous foam. 

40 Example 11 40 

One milliliter of a solution containing 40 mg. (0.1 mmole) of phenyl [1^(5,6- 
dideoxy- l 5-D-n^o-'hexofuranosyl)uracil] 6'^phosphonic acid, 60 pi. of 6.0 1M aqueous 
magnesium chloride^ 40 of a solution contain mg 10 mg./ml. of crude Crotaleus 
adainanteus venom in 0.5 M tris(hya^oxymethyl)aminomethane buffer at pH 8, 40 pi. 

45 of a 1M tris(hydroxymethyl)ammomechane buffer at pH 8, is incubated at 37°C for 45 
24 hours. After this reaction time, the incubation mixture is then diluted with 25 ml. 
of water and chromatographed on a 1.5X20 cm. column containing 25 g. of diethyl- 
ammoethyl cellulose in the bicarbonate form. The column is washed with 200 mi. of 
water and then eluted with a linear gradient (0.002 — 0.2M) of aqueous triethyl- 

50 ammonium bicarbonate at pH 7.5. The main ultraviolet absorbing peak is collected 50 
and evaporated to dryness under reduced pressure to yield the bistriethylammomum 
sak of [1^5,6-dideoxy^-D-n^^hexafuranosyl)uracil] 6'-phosphonic acid. 

Example 12 

By repeating the procedure of Example 7 with two exceptions, namely substituting 
55 3'-0-acetylmyniidine and dibenzyl triphenylphosphoranyiidenemethylphosphonate 'for 55 
2' ) 3'-0-isopropylideneuridine and diphenyl triphenylphc^horanyJidenemechylphos-- 
phonate, respectively, there is obtained dibenzyl [l-(3-0-acetyIh2,5,6-trideoxy-/?-D- 
ery thro-hex- 5 -e nofura nosy l)thymine ] 6 '-phosphonate. 
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Example 13 

A solution of 0.54 g. of dibenzyl [ 1 -(3-0-3061711-2,5, 6-trideoxy^-D -eryt hro-htx- 
5-enofuranosyl)rhymine] 6'-phosphonate in 25 ml. of methanol is reduced at 25 °C in 
the presence of 200 mg. of a pre-reduced 5% palladium-on-barium sulfate catalyst 
5 and under a slight positive pressure of hydrogen for a .period of three hours. TTie 5 

catalyst is removed by nitration through diatomaceous earth, and washed with methanol. 
The combined filtrate and washings are evaporated to dryness under reduced pressure 
to yield [l-(3-0-acetyli-2, 5,6- trideoxy-jff-D-eryr/tro-hexofuranosyl)thymine] 6 '-phos- 
phoric acid. 

10 A solution of the 0.5 £. of the latter material in 5 ml. off concentrated ammonium 10 

hydroxide is held at 25°C for a period of 30 minutes. After removing the solvent by 
evaporation under reduced pressure, the residue is chromatographed on a 3.0X30 cm. 
column of diethylaminoethyl cellulose in the bicarbonate form. The column is washed 
with 250 ml. of water and then eluted with a linear gradient (0.002 — 0.2M) of 

15 aqueous triethylammonium bicarbonate at pH 7.5. The major ultraviolet absorbing 15 

peak is collected and evaporated to dryness under reduced pressure to yield the 
bistriethylammomum salt of [l-(2,5,6-trideoxy-^-Z)-eryrAra-hexofuram)syl)thymine] 
6'-phosphorric acid. 

Example 14 

20 A mixture of 1.76 g. of diethyl [9-(5,6-<iideoxy-2,3-0-w^propylideneii5-D-rfiro- 20 

hexofuranosyl)adenine] 6'-phosphonate and 1.8 g. of sodium iodide in 10 ml, of 
dmiethylformamide is heated at 150°C for 20 hours. After cooling the reaction 
■mixture, there is added 50 md. of acetone. The resulting precipitate is collected and : 
washed with several portions of acetone. The precipitate is then dissolved in water 

25 and passed through a column containing the free acid-form of an ion-exchange resin. 25 

The thus-obtained acidic cluate is concentrated under reduced pressure to one-half 
the original volume and then heated at 100°C for four hours to give an aqueous 
solution of [9^5,6-dideoxy-j9-D-r/^t>jhexofuranosyl)adenine] 6'-phosphonic acid. For 
purification, if desired, the pH of the eluate is adjusted to 8.5 with aqueous sodium 

30 hydroxide solution and the resulting mixture is chromatographed on a 4.0x40 cm. 30 
column of dethylaminoethyl cellulose in the bicarbonate form using a linear gradient 
(0.002 to 0.2M) of triethylammonium bicarbonate as eluant to afford the bistrierhyl- 
ammonium salt of [9-(5,6-dideoxy-^-J[)-nic^hexofuranosyl)adenine] 6'-phosphonic 
acid. 

35 An aqueous solution of the latter compound is passed through a column df cation- 35 

exchange resin in the acid-form, and the pH of the eliuate is adjusted to 8.5 by the 
dropwise addition of aqueous sodium hydroxide sohirion. The eluate is then concentrated 
to a volume of approximately 10 ml., and added to 50 ml. of acetone to yield the 
disodium salt of [9-(5,6-dkleoxy-^-D-n5t>-hexofuTanosyl)ademne] 6'-phosphonic acid 

40 as a white powder. 4Q 

Example 15 

To a mixture of 512 mg. (1 mmole) of diphenyl pi-(5,6Klideoxy-2,3-0-isopropyl- 
idene-^-/)-n^o-hex-5-enofuranosyl)uracil] 6'-phosphonate, 500 mg. of potassium 
azodicarboxylate in 20 ml. of methanol, is added dropwise 300 mg. of glacial" acetic 

45 acid, and the reaction mixture is held at room temperature for a period of 24 hours. 45 

After this reaction time, the mixture is evaporated to dryness under reduced pressure 
and the residue partitioned between 50 ml. of echyl acetate and 50 nil. of water. The 
aqueous layer is separated and extracted with several portions of ethyl acetate. The 
combined ethyl acetate layer and extracts are dried over magnesium sulfate, evaporated 

50 to dryness under reduced! pressure to yield diphenyl [l-(5,6-dideoxy-2,3-0-isopropyl- 50 
idene^-D-n^a-hexofuranosyi)uraci'L] 6 , -phosphonate. 

In a similar manner, by repeating the procedures of Examples 9, 10 and II, the 
latter material is converted to the bis triethylammonium salt of [l-(5,6-dideoxy-0-Z)- 
n&*Mhexofuranc«yl)uracil] 6'-phosphomc acid. 

55 Example 16 55 

A mixture of 92.7 g. df triphenylphosphine and) 100.1 g. diphenyl chioromethyl- 
phosphonate is heated at 175° for three and one-half hours. The resultant solid mass 
is dissolved in about 1700 ml. water and about 500 ml. ether and the phases are 
separated. The ether layer is further extracted wrch about 250 ml. water. The com- ~ 

60 bined aqueous phases are brought to pH 8 by the cautious addition of 10 N sodium 60 
hydroxide and the precipitate removed by filtration and dried to give diphenyJ tri- 
phenylphosphoranylidenemethylphosphonate which is crystallized' from ethyl acetate. 
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Example 17 

A solution of 508 mg. of diphenyl triphenylphosphoranylidenemethylphosphonate 
in 10 ml. of methanol! is heated under reflux for 30 minutes. Removal of the methanol 
by evaporation under reduced pressure gives a residual syrup which is crystallized 
5 'from a mixture of ethyl acetate and hexane to give dimethyl triphenylphosphoranyi- 5 

idenemethylphosphonate. 

Example 18 

To a stirred mixture of 4.82 g. (9 mmole) of diphenyl [9-(5 J 6-dideoxy-2,3-0- 
isopropyiidene-^-D-n^hex-5^ofuTanosyl)adenine] 6'-phosphonate and 9.0 g. of 

10 potassium azodicarboxylate (45 mmole) in 135 ml. of pyridine is added 54 g. of 10 

glacial acetic acid (90 mmole). The yellow suspension is stirred under anhydrous 
conditions in an argon atomosphere for 24 hours and then the pyridine is removed by 
evaporation under reduced pressure. The yellow residue is partitioned between water 
(250 ml.) and ethyl acetate (250 ml.) and the water phase is further extracted with 

15 ethyl acetate (2X250 mi.). The organic phases are combined, washed with water 15 
(500 ml.), dried over magnesium sulfate, filtered and evaporated to dryness to give a 
pale yellow foam. This is dissolved in about 20 ml. of hot benzene and on cooling 
deposits white crystals which are collected to give diphenyl [9-(5,6-dideoxy-2,3-0- 
isopropylidene^'D-n^<7-hexd r airanosyl)adenine] o'-phosphonate. 

20 Example 19 20 

A solution of 5,14 g. (10 mmole) of diphenyl [-(5,6-dideoxy-2,3-0-iso- 
propyliden«-^-D-rT6^hexofuranosyl)uracil] 6'-phosphonate in 50 ml. of dimethyl 
sulfoxide is added rapidly at room temperature to a solution of 2.0 g. (42 mmoles) 
of sodium hydride (50% dispersion in mineral oil) in 20 ml. each of benzyl alcohol 

25 and dimethyl sulfoxide. Alfter 15 minutes, the slightly yellow solution is poured into 25 
250 ml. of water containing 3 ml. of glacial acetic acid'. The resulting suspension is 
extracted with ethyl acetate (3 x 200 ml.) and the combined extracts are washed with 
aqueous sodium bicarbonate and then water. The organic phase is then dried over 
magnesium sulfate, filtered and- evaporated to dryness to give a pale yellow oil. A 

30 solution of this oil in chloroform (25 ml.) is then applied to the top of a silica geli 30 
column (35X4.5 cm.). Development of the column with 1250 ml. chloroform and 
650 ml. of ethyl acetate followed by elurion with 1000 ml. 1Q% methanol in ethyl 
acetate gives dibenzyl [l-(5,6^dideoxy-2,3-0-isorjropyKde 
uracil] 6'^phosphonate. 

35 Example 20 35 

A solution of 4.52 g. of dibenzyl [H5,6-dideoxy-2,3-0-isopropylidene-^-jD- 
nio^hexofuranosyl^iracil] 6'-phosponate in 100 ml. of methanol is added to a pre- 
reduced suspension of 2 g. of 5i% paMadium-on-barium sulfate in 100 ml. of methanol. 
The resultant mixture is stirred at room temperature under 1 atmosphere of hydrogen 

40 for 50 minutes at which time the theoretical volume of hydrogen has been consumed. 40 
The catalyst is removed by filtration through diatomaceous earth and the combined 
filtrate and washings are evaporated to dryness to yield a white foam which , is re- 
dissolved in 50 ml. of water. The aqueous solution is passed down an acid ion-exchange 
columne (2.5x20 cm.) which is washed with water. The first 225 md. of column 

45 eluant is heated at lOO^C for one hour and then, evaporated to dryness under reduced 45 

pressure. The residue is reevaporated several times from methanol solution and is then 
dissolved in 50 ml. of hot ethanol. The solution on cooling deposits a white micro- 
crystalline solid to yield [l-(5,6Kladeoxy-^-0-n6a-hexofuranosyl)uracrL] 6'-phosphonic 
acid. 

50 Example 21 

The process of Example 7 is repeated using an equivalent amount of 1-(N 4 ,0 2 '* 3 '- 
triberizoyiK^-D-arabindhiranosyl)cytosine as the starring material and there is 
obtained diphenyl [ K5,6-dideoxy-N^0 2 '' 3 '-ml>enzoyl^-D-arabino-hex-5-enofur- 
anosyl)cytosine] 6'-phosphonate. This conversion can be illustrated as follows wherein 

55 B represents benzoyl and 0 is phenyl : 55 
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Similary, by using 1^2^3'-cu^O-benzoydi/?-D-arabinar^^ and 
l-(2^3'-dtf-0-benzoylh£-D-^^ in the process of Example 7, there 

is obtained diphenyl [ l-(5,6-dideoxy-2',3 'nii-O-baizoyl-^D-axabino-hex-5-eno- 
5 furanosyl)thymine] 6'-phosphonate and* diphenyl [il ! -(5,6-dideoxy-2 / J 3 / -di-0-ben2oyl- 5 

^-D-arabmo-hex-5-enofuranosyl)uracil] 6'-phosphonate, respectively. 

By repeating the process of Example 18, the above compounds are reduced to 
the corresponding arabinohexofuranos yl derivatives, that is, diphenyl [!l-(5,6-dideoxy- 
N^O 2 3 '- trioenzoy 1-/?- D -arabino-hexofura nosy i)cytos ine ] 6'-phosphonate, diphenyl 
10 [ 1^5,6-dideoxy-2^3'-di-0^nzoyl^ 6'-phosphon- 10 

ate and diphenyl [1^5,6KMeoxy-2^3 / ^i-04*nzoyl^-D- 

uracil] 6'-phosphonate which are subjected to the processes of Examples 19 and 20 
to give [ 1 ^5 3 6-dideoxy^-D-arabLno4iexofitf 6'^hosphonic acid, [1- 

(5,6^iideoxy-£-D-ara : bmo-hexofura^ 6 / -phosphonic acid and [l-(5,6- 

15 dideoxy-^-D-arabino-hexo(furanosyl)ui4c^ 6'-phosphonic acid. 15 

Example 22 

The process of Example 19 is repeated using an equivalent amount of diphenyl 
[9^5,6Kudeoxy-2,3-0-isopropyu^ne^-/)-n^ 6'-phosphonate 
and diphenyl [l-(3-0-acetyl-2,5,6Hrideoxy-/?^ 

20 6'-phosphonate as the starting material and there is obtained dibenzyl [9-(5,6- 20 
dideoxy-2,3-0-isopropyUdene^-D-n6a-hexofuxanosyi>deriine] 6'-phosphonate and 
dibenzyl [1^3-0-acetyl-2,5,6-tride*>xy-/?-D-^f^^ 6'-phos- 
phonate, respectively, which are subjected to the process df Example 20 to yield 
[9^5,6-dideoxy^-jD-r£6c^hexofuranosyl)adenine] 6'-phosphonic acid and [l-(2,5,6- 

25 trideoixy-^-D-^ry^£>-hexodbranosyl)thymine] 6'-phosphonic acid, respectively. 25 

Example 23 

The process of Example 19 is repeated with the exception of using an equivalent 
amount of methanol in place of benzyl alcohol and there is obtained [l-(5,6-<iideoxy- 
2,3 -0-isopropylidene-/?-b-n^c?^hexofuranosyl)uradIi] 6'-phosphonate. 
30 Similarly, by using ethanol there is obtained diethyl [l-(5,6-dideoxy-2,3-0-iso- 30 

propylidene-^-D-ribc^hexo[fui^nosyl)ura 6' -phosphorate. 

By subjecting the above compounds to the dealkylation procedure of Example 14, 
there is obtained! the disodium salt of [il^5,6^deoxy-j3-/>-r£6(Hhexofuranosyi)uracil] 
6'-phosphonic acid. 

35 In view df the risk of infringement, attention is particularly directed to our 35 

co-pending application No. 3377/71 (Serial No. 1243214), divided from this specifica- 
tion, which claims the nucleoside 6'-phosphomc acids and nucleoside 6'-phosphonates 
herein disclosed. 

WHAT WE CLAIM IS : — 
40 1. A compound having the general formula: 40 

R l Y-Z* 
\ 11/ 

R*_p=C— P 

/ I \' 

R 3 R* Z 2 
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wherein each of R 1 , R 2 and R 3 is lower alkyli (as herein defined) or aryl or substituted 
aryl (as herein defined); 

or R 1 , R 2 and R 3 together are tri-N-piperidyl, tri-N-morpholinyl or tricyclohexyl; 

R 4 is hydrogen, lower alkyl (as herein defined), cyolohexyl, or aryii or substituted 
aryl (as herein defined); 

Y is oxygen or sulfur; 

each of Z 1 and Z 2 is the group OR 5 , SR% 



-o 



or NR 7 R 8 in which each of R 5 and R* is lower alkyl or lower aikenyi (as herein 
10 denned), or aryl or substituted aryl (as herein defined), and each of R 7 and R 8 is lower 10 
alkyl (as herein denned) or aryl (as herein defined); or 

o o s 

Z 1 and Z 2 together are the group >R 9 , >R» or >R 9 in which R* is 

OS s 

alkylene or arylene. 

2. A compound according to Claim 1 wherein Y is oxygen; and each of Z l and 

15 Z 2 is the group OR 5 in which R 3 is phenyl. 15 

3. A compound according to Claim 1 wherein Y is oxygen; and each of Z 1 and 
Z 2 is the group OR 5 in which R 5 is substituted aryl. 

4. A compound according to Claim 1 wherein Y is oxygen; and each df Z 1 and 
Z 2 is the group OR 5 in which each of R 5 is lower alkyl. 

5. A compound according to Claim 1 wherein Y is oxygen; and each of Z 1 and 20 
Z 2 is the group 



■o 



-G. 



or NR T R 8 in which each of R T and R 8 is alkyl or aryl. 

6. A compound according to Claim 1 wherein Y i s oxygen; and Z l and Z 2 

O 

25 together are the group > R 9 in which R 9 is arylene. 25 

O 

7. A compound according to Claim 1 wherein Y is oxygen; and each of Z 1 and 
Z 2 is the group OR 5 in which R 3 is benzyl. 

8. A compound according to Claim 1 wherein Y is sulffur; and each of Z 1 and 
Z 2 is the group OR 3 in which R 3 is lower alkyl (as herein defined). 

30 9. A compound according to Claim 1 wherein Y i s sulfur; and each of Z 1 and 30 

Z 2 is the group OR 3 in which R 5 is phenyl. 

10. A compound according to Qaim 2 wherein each of R l , R 2 , and R 3 is phenyl; 
and R 4 is hydrogen or methyl. 

11. A compound according to Claim 3 wherein each of R ! , R : and R" is phenyl; 

35 R 4 is hydrogen; and R 3 is /Miitrophenyl. 35 

12. A compound according to Claim 3 wherein each of R 1 , R 2 and R 3 is phenyl; 
R 4 is hydrogen; and R 3 is p-nitrobenzyl or /^bromobenzyl. 

13. A compound according to Claim 4 wherein each of R 1 , R 2 and R 3 is phenyl; 
R 4 is hydrogen; and R 3 is ethyl. 

14. A compound according to Claim 5 wherein each of Z 1 and Z 2 is morpholinyl. 40 

15. A compound according to Claim 6 wherein each of R 1 , R 2 and R 3 is phenyl; 
R 4 is hydrogen; and R 9 is o-phenylene. 

16. A compound according to Claim 7 wherein each of R 1 , R 2 and R 3 is phenyl; 
and R 4 is hydrogen. 

45 17. A compound according to Qaim 8 wherein each of R 1 , R 2 and R 3 is phenyl; 45 

R 4 is hydrogen; and R 5 is ethyl. 

18. A compound according to Qaim 9 wherein each of R l , R 2 and R 3 is phenyl; 
and R 4 is hydrogen. 

19. A compound according to Claim 14 wherein each of R x , R 2 and R 3 is phenyl; 

50 and R 4 is hydrogen. 50 

20. A process for the conversion of a nucleoside 5 '-aldehyde into a nucleoside 
6'-phosphonic acid in which saturation at the 5 '^'-carbon-carbon saturated bond is 
performed by catalytic hydrogenation or by diimide reduction of a corresponding 
carbon-carbon ethylemcally unsaturated bond; and in which each of the hydroxy 
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groups on the phosphorus atom is formed by hydrolysis, hydrogenolysis, anionic de- 
alkyktion, enzymatic action or combinations thereof of the appropriate Z l " or Z 2 " 
groups; which includes: 

reacting in a substandally anhydrous non-reactive organic solvent 
5 1) a nucleoside 5 '-aldehyde with 5 

2) a phosphorylated phosphonium ylid of the general formula 

R 1 0 Z 1 " 

\ 11/ ? 

R 2 — P=CH— P 

/ \ 
R 3 Z 2 * 

wherein each of R 1 , R 2 and R 3 is lower alkyl (as herein defined) or aryl or substituted 
aryl (as herein defined); or R l , R 2 and R 3 together are tri-N-piperidyl, tri-N- 
10 morphoHnyl or tricyclohexyL; R 4 is hydrogen, lower alkyl (as herein defined), cyclo- 10 
hexyl or aryl or substituted aryl (as herein defined); each of Z l " and Z 2 " is the group 
OR 3 , SR e , 

-o -o 

or NR 7 'R 8 ' in which each of R 3 and R 8 is lower alkyl or lower alkenyl (as herein 
15 defined), aryl) or substituted aryl, and each df R 7 ' and R 8 ' is lower alkyl; or Z l " and 15 

O ■ 

Z 2 " together are the group >R 9 ', in which R 9 ' is arylene. 
O 

21. The process according to Claim 20, wherein each of Z l " and Z 2 " is the 
group OR 5 in which R 3 is phenyl; and said first OR 5 group is removed by hydrolysis 
with base and said second OR 3 group is removed by enzymatic action with a snake 

20 venom phosphodiesterase. 20 

22. The process according to Claim 21, wherein each of R l , R 2 and R 3 is phenyl. 

23. The process according to Claim 20, wherein each of Z 1 " and Z 2 * is the group 
OR 5 in which R 3 is phenyl or naphthyl; and said OR 3 groups are converted to 
aralkyloxy groups by treatment with an aralkyl primary alcohol in the presence of 

25 base in an anhydrous dipolar organic solvent and said arlkyloxy groups are converted 25 
to hydroxy groups by catalytic hydrogenolysis. 

24. The process according to Claim 23, wherein R 5 is pihenyl in each of Z l " and 
Z 2 ", said alcohoii is benzyl alcohol, said base is an alka-lfemetal hydride and said catalytic 
hydrogenolysis is carried out with a palladium catalyst. * 

30 25. A compound according to Claim 1 substantially as herein described and 30 

exemplified. 

26. A process according to Claim 20 or Claim 23 substantially as herein described 
and exemplified. 

27. A nucleoside 6'-phosphonic acid obtained by the process claimed in any one 

35 of Claims 20 to 24 or Claim 26. 35 
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